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Abstract 
Tactile shear sensors gain importance for example in the field of robotics and biomedical sciences. For these 
applications, an “artificial skin”-like solution is needed with very thin and flexible unobtrusive sensors that can be 
wrapped around irregular surfaces or body parts. We present a tactile shear sensor based on the changing optical 
coupling between a light source (Vertical-Cavity Surface-Emitting Laser (VCSEL)) and a photodiode, separated by a 
transparent deformable transducer layer. When shear stress is applied onto the stack, both components move laterally 
and the photodiode captures a differing amount of light. Commercially available bare die VCSELs and photodiodes 
were thinned down to 20ȝm and then packaged in flexible polyimide foils (40ȝm thick) to allow fabricating this 
flexible and thin sensor. The use of spin-coatable polyimide resulted in low-stress packages for these optoelectronics. 
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1. Introduction 
There is an increasing need for monitoring tactile shear stresses, particularly in the medical field, for 
example for measuring the skin friction between a limb prosthesis and stump. For these applications, the 
sensors are preferably not noticed by the user and therefore need to be as unobtrusive as possible. To 
obtain such sensors for applying on moving body parts and wrapping around curved surfaces (e.g. fingers 
or prosthetic sockets), a very thin and flexible device is needed. Furthermore, the majority of existing 
sensors is based on electrical sensing principles (e.g. capacitive sensors [1]) making them sensitive to 
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electromagnetic interference induced by the surroundings or the human body itself while interacting with 
the sensor. Therefore, an optical shear sensor is proposed which can furthermore be highly miniaturized 
yielding a mechanically flexible device. 
The concept and fabrication of a thin and flexible optical shear sensor has been presented in a previous 
publication [2], while in this paper a modification of the sensing principle is discussed to extend the 
sensor operation for measuring the direction of shear stress in addition to the magnitude. Furthermore, a 
different fabrication technology is presented improving the mechanical properties of the flexible 
optoelectronic package, compared to the previously reported fabrication technique. 
2. Sensor architecture 
The sensor consists of a thinned Vertical-Cavity Surface-Emitting Laser (VCSEL) and photodiode 
(PD) chip, embedded in a very thin (40ȝm) polymer foil and separated by a deformable transducer layer 
(180ȝm). The operation principle of the sensor is based on the changing amount of optical power 
captured by the photodiode moving laterally relative to the VCSEL, see Fig. 1. A polydimethylsiloxane 
(PDMS) transducer layer was used to convert shear stress into lateral displacements. 
The analysis of the sensor operation can be divided in 2 separate studies: firstly, an optical analysis 
yielding the sensor response in function of the lateral displacement and secondly, a mechanical modeling 
study of the transducer layer, yielding the relation between applied shear stress and lateral displacement. 
From the mechanical modeling study, a linear relation between shear stress and lateral displacement 
was found, considering lateral displacements up to 150ȝm. To obtain the optical sensor response in 
function of the relative lateral VCSEL-to-photodiode displacement, the amount of light captured by the 
photodiode corresponding with every location (x,y) of the VCSEL was calculated. This analytical 
modeling approach is detailed in [2]. 
3. Fabrication and results 
A first step in the fabrication process consisted in embedding optoelectronic chips. These components, 
which were thinned down to 20ȝm, were completely embedded in spin-coated layers of polyimide 
(PI2611, HD Microsystems), as compared to SU-8 used in a previously reported technology [2]. Since 
PI2611 has a low CTE (coefficient of thermal expansion) of 3ppm/°C, it is well-matched with the 
optoelectronic GaAs chips, minimizing the internal mechanical stresses. Fig 2a shows the resulting low-
stress ultra thin flexible optoelectronic package and Fig 2b shows its mechanical flexibility. 
 
Fig. 1. Sensor principle: the optical coupling depends on lateral displacements of the VCSEL and PD. 








Fig. 2. (a) Low-stress ultra thin package. (b) Flexibility of the package. (c) Shear sensor consisting of 2 bonded packages. 
 (a) (b) 
Fig. 3. (a) Sensor response versus shear force and (b) sensor response versus lateral displacement (VCSEL driving current 5mA). 
 
In a second step, a transparent transducer layer (Sylgard®184, Dow Corning) was spin-coated on 2 
such polymer foils, one with a VCSEL chip and another foil with a photodiode chip embedded. After 
thermally curing this layer, both foils were aligned and bonded using oxygen plasma activation, yielding 
the final sensor (see Fig. 1 and Fig. 2c). The total thickness of the transducer layer was 180ȝm. 
The sensor principle was validated by applying a displacement on the top surface (while keeping the 
bottom surface fixed) and recording the corresponding shear force and sensor response (i.e. photodiode 
current). Fig. 3a shows the measured sensor response in function of the applied shear force and Fig. 3b 
shows the measured sensor response in function of the lateral displacement of VCSEL and photodiode. 
4. Discussion 
Since the VCSEL was used in combination with a circular detector, only the magnitude of the shear 
force can be measured with the current design (first generation sensor). Therefore a slightly different 
architecture is currently investigated using square photodiodes (second generation sensor). 
For the first generation sensor with 100ȝm diameter circular detectors, the calculated two-dimensional 
sensor response is depicted in Fig. 4a. It can be seen from the 2-dimensional graph that with this type of 
detectors, only the magnitude of the displacement (or correspondingly the shear stress) can be 
determined: when the VCSEL is moving from the initial position (0,0), the response is identical in all 
directions. This effect directly results from using circular symmetric photodiodes. For example, the 
results depicted in Fig. 3 show such response curves corresponding with a certain direction of shear.  
Therefore, the effect of using rectangular detectors was modeled in order to improve the design for the 
second generation sensors. The calculated two-dimensional response corresponding with a 250ȝm square 
detector is shown in Fig. 4b. Compared to the response of Fig. 4a, this result is considerably more 
favorable: if the VCSEL is now initially aligned on an edge of the photodiode (this corresponds with  
(a) (b) (c) 
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Fig. 4. Sensor response to lateral displacement: (a) circular detector design and (b) square detector design. 
 
point 1 in Fig. 4b), then the sensor is only sensitive to x-displacements for perturbations around the initial 
position. If additionally another VCSEL is aligned on the adjacent edge (this corresponds with point 2 in 
Fig. 4b), an ideal sensor capable of measuring x- and y- variations is obtained when both VCSELs are 
driven alternately. 
5. Conclusions 
In this paper, a technology has been presented for fabricating an ultra thin optical tactile shear sensor 
based on embedding optoelectronic components in spin-coatable PI2611 polyimide layers. Furthermore, 
the sensor design and in particular the influence of the used photodiode active area was discussed. To 
obtain a sensor capable of measuring both shear stress magnitude and direction, the use of a 250 ȝm 
square photodiode was proposed in combination with two VCSELs (one for x- and one for y-sensing). 
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